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[oooi] imwte, ^tLxsmm<Di$LfcmtLxmMtmM&mmmmfo&£xrz:<D 

[0002] 5S^, *«Ht«nH^©HiC>©ili*9«itr, li$-CtiMI!W^ 
[0003] ««©iS5!ft«^^S*t!:ji^3fe*, «ff#2.0mm«rTlil5J: 

"e»^bLTtr*5«j, ir<^700MPa£Ji±©^{cj3v^^©^®ttm^-efe5o 
[0004] -asi^ u&ffmmvm&zim, M&Mft%&?iut<9, xtfvmm&ttztix 

mm0iWr*£%.irz>z.btfm%}X>hzi)K &mMRm&tLxm^zm&, su* 

[0005] to&mft j &m$kft&&'3i-i-sz.bte<* to&<?>M&&i*#>z\a± x M 

[0006] -m^ M&Mik^^&w&mzM&mMti, mtw^mtu&^mm 
r&^-tyhomisteti. £t>iz.mmr.fr*-^m, wftomm&thuzkg 
&umzt x \zttMi-zki,xmm.xzz 0 ^x\ x ttKiHSH^re, 
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[0007] -^rLT, Mz.tfM<D I &B<Db$, M&<Dm&&tt\z.m>tz&b> «¥*10% 
[0008] 1"**?*,, ^Agfln^j;^ x muzm^u&com^, mMit<DtMmm § 

[0009] -jftlc-tt^tt, *^«a«H:**<XE*^ m*<DMtmJjfoteM<% 

WC, f*:^S:^»^^fc««©ir^*^^j3&*fi[*5l^-fr5^tt % {112}< 
1 10 > Sr«^$*Sr i:dS^rSft-C*>5 , ZhK£mM*fakmft%fa(D^>ymZm 
ib5Z.btfX%Z> 0 

[ooio] ^rr% f&fej:^ M&®mzffl®i-zzkx^>?m*M&tcmm<Dmitm* 

[OOll] W^{i#fF»irii, tt^*fllfcNb*)5^H:ri*jSlfe!lPLfc«S:ffiv\ MJE 
jiZDgfciSV^ Ar ~(Ar + l50t;)WJ£T^&85 o /o^_h£U 

3 3 

»SK311}<011>*5«kt«332}<113>^U Zt\&®Mftifc£LX?r}W\BLM> 

^mi-^kxi2ii}<on>^±^iiki-^k{^.mm^\^mn^(D^>^^ 

m,ftz&mm*£tix\, ^„ 

[0012] tit. #fP;£lfc2Ti3\ C4^o.02~0.15%<D{g^^lH(rNb > Mo, B£»U Ar 

3 

~950K:x<Dj£Tm%50%£k±.kirz>zbX\ {2li}<on>£$gii£^ -Yyjfm&M 
[0013] ZbK, ^fr-ifSteTii, Cft^0.05%^T«^^^^Nbtr^PU tt±ffl£li 

^m«^95o^ar> i±±mmmrm.m^(Ar -sco-cat +ioo<c)tu -t^ 

3 3 
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[0014] S6>Kl*fc, WffA^-Ctt, C4*S0.05%^T©iS^*«fcSifcAl*jRiWLTAr 

3 

3 

[0015] #fF«l:#W¥5-255804^# 
#fF^tSt2:#W 5 F8-311541^# 
#rF^3:#M¥5-247530#^ 
^fFliCiU : # ISTO - 53 1 18#&$R 

[0016] U>>U ffirifcO&flrm, &cD£5&IW^fcofc 0 

o 

[0017] 4$ffc£ilft2fcM^3*m^8ffi-eM:, CftW).02~0.15%WK, Att&fc 

[0018] $£>fC, ^fFXm3(C|i^$tvTV>5^t, J»figjWR©«itft«f-e*>«), HSIflfc) 
[0019] SfcfcSfc, #fF»4{cW^$^TV ^ftflf-eti, ^^M$-Ctf>JB££tT&5- 
[0020] Z.<D£5\^ ^fc^fcfcttSlMR^iS^^Wi** «¥©J?VHft®»K^, ft 
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[0021] ir-C\ — jftte, mfo<D p AM&&Z590MP&&±fcMfrZtcft<D&imMtLT\t 

[0022] mmmtLxmmmmmmmLtzm^m.mmo^^moi&r^mt) 

[oo23] sit, mmmbLx&mmMmmmm%irz>m&\m. ^^hti^/v 
"r^4m^t\ i&M£M®<p^~£fiz>£wz.&mLx, mfo^yymmr 
LXL^t^mm^hotzo 

[0024] *%m<D @ mz, mmmmm^tz, 3issM^590MPa^± % z.m*is<iz 

700MPa^±ti«M-e, ir^^^225GPa^± > J:«90*U^23OGPa^±, £k 
{^0*L<^24OGPa^±^iii»Jtt^M^fcOT^2.OmmWT^5f^«^ 

[0025] ±§E a #j£iiJ&1-5*:#\ #$PJ<£«*^OT^&9T'fc6 0 

(I) Ml%-e> C:0.02~0.15%, Si:1.5%JsTF, Mn:1.5~4.0%, P:0.05%]^T> S : 
0.01%^T, Al: 1.5%^T\ N:0.01%mr^ct^Nb:0.02~0.40%tr^^TL, 

c Nfcii^Nb^itrWi:^, Tfe(i)^^oim2)^^^-rp#^«fcL, mmzm 

z^nbu mm^xi%u±<D^Ty^-4m^u £bwmm& 590 
MPa£i±xfr^>?^& 225 gp^ ±xh^b^m.b-rmnmm^mnm 

IB 

0.01 ^ C+ (12/14) XN-(12/92.9)XNb S 0.06 •••(!) 
N ^ (14/92.9) X(Nb-0.01) •••(2) 

[0026] (ii)±m\)^mm<Dmmmm&mmmz&\,^x, ±mmmzto*.x, 
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IE 

0.01^ C+(12/14)XN*-(12/92.9)XNb-(12/47.9)XTi*-(12/50.9)XV ^ 
0.06 ... (3) 

N*^ (14/92.9)X(Nb-0.01) •••(4) 

tztcU ^(S^OW^l^ N*te % N-(14/47.9)XTi>0(D^ N*=N- 
(14/47.9) XTu N - (14/47.9) XTi^ 0<Db%s N*=OtU £^3)4" K^T, T* 
it, Ti-(47.9/14)XN-(47.9/32.1)XS>0O<>;£\ Ti*=Ti-(47.9/14)XN- 
(47.9/32.1) XS, Ti-(47.9/14)XN-(47.9/32.1)XS^O£>i:t, Ti*=0£-f 5 0 

[0027] (m)±mmtcmn)^mm<Dmmm^mmm^^x. ±mm.m^ux.x, £ 

bfcWM%X\ Cr:0.1~1.0% Ni:0.1~1.0%, Mo:0.1~1.0% Cu:0.1~2.0%*5 

[0028] (wmm%X. C:0.02~0.15%, Si:1.5%^T, Mn:1.5~4.0%, P:0.05%1^T, S 
:0.01%^T, A1:1.5%^T, N:0.01%^T*3j;U^Nb:0.02~0.40%^>frL, 2>>o 

b\z.t±±&m%Ar -9oox:xmrLtc<Dib. 65ovurxmm. m$G&, 50%^ 

3 

±<DBrmx^m}£m^m \ j e<D^5oo < c^^<z)#MM^i~4o < c/s^Lr , 

780~900^WM«(C#MLT^Lfc^, 500r^TO^aM^5 < C/sW±<D3t 

mtLxi^mirm^mir^tmmti-mnmm^mmm^mm^mo 

IE 

0.01 ^ C+ (12/14) XN- (12/92.9) XNb ^ 0.06 ••• (1) 
N ^ (14/92.9) X (Nb-0.01) • ■ • (2) 

[0029] (v) ±miv)^®<nmmmK ±mm.mz.Mz.x. t$tb\m&%x , Ti:o.oi~ 

0.50%^J;UV:0.01~0.50%O5^^jlA//cia*fc^2a^^rU ^^o|fJlE(l) 
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B 

0.01^ C+(12/14)XN*-(12/92.9)XNb-(12/47.9)XTi*-(12/50.9)XV ^ 
0.06 • • • (3) 

N*^ (14/92.9) X(Nb-O.Ol) •••(4) 

fcfcU ^3)*3j:r;(4)tf fc*3V^ % N*f4, N- (14/47.9) XTi>0<D£§\ N*=N- 
(14/47.9) XTu N-(14/47.9)XTi^OO£t, N*=OfcU *fc^(3)f K&^T, Ti* 
tt, Ti-(47.9/14)XN-(47.9/32.1)XS>0£>^ Ti*=Ti-(47.9/14)XN- 
(47.9/32.1) XS, Ti-(47.9/14)XN-(47.9/32.1)XS^O(7)^ > T*=0birZ> o 
[0030] (VI)±|E(IV)*fc^(V)(C|E«0^^$t^^ ±mUm-Mz.T, £^ffS%T\ Cr: 
0.1 ~1.0% Ni: 0.1-1.0%, Mo:0.1~1.0% Cu:O.l~2.O%*5j:0B:O.OOO5~ 

[0031] MWoT, 3l3IM^590MPa^±, «t9$f*L<W:700MPa^±ii«5aS-C 
% -V>-^W225GPaW± % £«9#?;£L<te230GPa^±, $^iC^^L<«240GPa^± 

[0032] i-^*>, Mn4o«fctmb£^DL/cte^#3iff#£, MffMK&WC, 950<C^ 
T> ±9#£Ute900TOTC§^(a*Ar ,£E±)T*JET£*TV\ *^f B ^-^ 

3 

[0033] isb\mm\zMw~$-z>t, Mn&£xtm*m\^tz.&mmmmtfZs %mm£\z.& 

V vt, Ar ^Mit±-e^ffT^fT^5^-e, {112}<111>^»^^^*S 

3 



WO 2005/095663 



7 



PCT/JP2005/006288 



&&<d*- XT-rjhumzmfeitzbm^ zo&vimmmz&^x* ui2}< 

1 1 1 XD^m^^-^i-^ Yfrbyx.yJYWB&ft&Z'tZZ. t?, { 1 13}< l ioxd 

t% ui3}<iio>(D^ a ^^v^ofp]±^fij^{ii2}<iio>(c[5]^-&, 

M^*T*#M1-^^T\{ll2Kll0>*f4^o7^^hW^^Mi--5^* 

-Mii2Kiio>©*Si|gft«[^ofc3KiB-e-ffi«{tiij^*, {ii2}<iio>© 

[0035] $e>(c, *&HftSI©ft*PNFl^ *-^^MB«S7*9>rKm!:*ti1-5lclRL"rr4 

[0036] i©ffi?B^1»ffif4, Ul2Kll0>©^{fcSr&tf7 3 i9'f hd^^HBLfot" 

*fittJ:ilLTfc,{112}<110>Srl8^-frSCi:^-C?t5 o 
[0037] i©J:5fc, 73:9'fhtt<^112Kll0>*^$*5r.t-CMr^*Srii5«)St*fc % £ 

[0038] [m i]^v^tc&{£^950t;£XT*3<fctf 900^ UT*e<nm&T&<z>mm&&i-m 
[S3]iry^lc5.^i-#^«9mS^#^fia-c&<5o 

[|ll5]^^^(C^^t-^|i6l^cO500 < Cd^«MS*T^TO#M)i«O^^^ 
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[oo39] *mw<nmmn&mm&mti, %\$mm*590MP&u±, xm^<\t 

700MPa^±-e, ;6>oir ^^225GPa^±, <ti90*L<(i23OGPa^±, 
*L<«240GPa^±-efe«9, ^ff^2.0mm^T^^T*fc§ o ftfc, #3PJ^*fti£ 

[0041] -C:0.02~0.15%, 

imiki-±$<'-%i*ir5zbtfx^z 0 mmmmmz.&^x\*, at &n&* 

3 

3 

U ^x^-rh^i^W^^^h^fll^ii^^it-e, {113}<110>£3)§ 

m^^t^x^. w&v&fmm, mrnxux^y^^^^^trnx 

tx. m^^mt^^^bhx^o 

[0042] zcDXttty&znztcsb, cftmm*o.o2%u_kk-rz><&m$hv. xm^<n 

s 0.05%a±T'fcf9, £kfc#*L<W:0.06%W±'?*>5. c^r**#o.i5%J: 

iz.m^x. ^^mt\zmm^^<ow^M:m\\^x\^% $f>i^ #*cco 

£©fc«>, c^afio.i5%«T^-r^^^^fc«9> ±5#*L<tto.io%#T£T 

[0043] -Si:1.5%J^T 
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Site, MJEMK&V^C, Ar M££±#£-£3^<y>^ Ar ifi±WflE®£fT 

3 3 

^-/vtmmmmMm<D%%.mMi-z>o tsbi^ ^mmmtLxtiimtiz 

[0044] Sfc, Site, 7a9>rhSrS^l2$*55c*T?fc?), ftMJB^^&fcXiliK&ttS 

S/cfcfcte, Si^*te0.2%^±t-r5-t^S*U^„ 
[0045] •Mn:1.5~4.0% 

Mnte, #!S^©mS&5c^lO-T?fc5o Mntefi^ffiM^*5V>T, JPX:*— * 
X^hO^^^$lJT6i*^, tf-*7^te££fb£*S7G*^ifc^ Ar 

3 

3 

§o ^lt, *wfc&*-*T^w*b<D7*74mm*\mztt^bx\ {mx 

[0046] $fe>(^ :t-*7^h£^b5G^fc5Mnte, &liajEE®£©j&ttX:gfc:fctt5# 

l 

m&vzmu i%m®<oftMMmz#^x£f&irmM£mm<o*mmu 
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[0047] tit, mt, im>iM\ztettzm^mko&imu\z.& ^xtt, m*jnm:i*i 

[0048] 4.0%*jex.5#flMn©-gr#tt % &ligjE®^$lfeX&lC:fctt5#Mi®@ 

[0049] -P:0.05%J^T 

Pfi, P^T*tfS0.05%£j@;t5^ ^&OMtt:fc£r«£ 

&JB£tl5S§£Ktt\ P££«9^fbj£«tf5iifftLTU£5o tEo"C P-£#*te0.05 

*>9, *fc7*?>tt£fefb7c*£i/t\ ^--^^-^hf ^©cai-fb^isii-rsf^ffifc 

5 D r©J:5*f^ffl*#5fe«)^tt, P^**tt0.0l%^±i:-r5^i:W*bV\ 
[0050] -S:0.01%£*T 

0.005%^Ti:1-^i:dW*U \ 
[0051] -Al:1.5%fitT 
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3 

^^tc^S^^ H e H ^^^jfli$ijLTL*5o Sbfc, l.5%£j@;t5#4<Z>Al-£ 

[0052] -N:0.01%^T 

#*im0l%^T£1-5&»5fc5 o 
[0053] -Nb:0.02~0.40% 

®^O^X@(c^{t5#?a)g@^*3V>T^PX^7-rhoWii$^S:«i»Ji-5ii: 
[0054] 0.40%Sr«^5#*©NbSr^^Lrt>, aSofWWJEfiiXSlc^^SWAn 
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mxm^n^Mxy^y4bon^mm^n^tnx^t£\\ tut, mm 
, ztDttmrmmzMtei-zm&fcte^x^ m^oAo%^mx.x^^xhs 

Lfc^oT, Nb-^frl;tt:0.02~0.40%£U £m$.L<\*0.05~0A0%k-tZ> o 

[0055] *%wxte, c % N#>£mb<Dt;frmK rmi)^xm2mz^-rmm 

IE 

0.01 ^ C+ (12/14) XN-(12/92.9)XNb ^ 0.06 ••• (1) 
N ^ (14/92.9) X(Nb- 0.01) • • • (2) 

[0056] i%mk®bLxmfe£tift^ctfoM%zmzx£mzw&tz>b. ^mmrn^o 

m\fcj3&<DnW^mm£tlZ>Z.kfrb, (C+(12/14)XN-(12/92.9)XNb)-eg 

tttetts, fc&ik®bLxmfe£hto^cm\toM%uTtirz ! &mtfh<o, xwt. 

Ufio.05%^Ti:i-^o r^-eNb^±?), NizcMhmmmfeZtixvttii 

-rSfcfe, (C+(12/14)XN-(12/92.9)XNb){^l9, $ltf^LT|i££tP^C 
ft^WT-#So ^^b^i:L-Cll^^^^v^C^0.01%*«i:/>/ < ^v^ < ^, ft 

^H®^cD-TO^c*D^t§^^|^cfcv^-c, ^--^-^hf ocfta^u ft£P 

^«£LT@££tl#V ^*-e&>3 (C+(12/14) X N-(12/92.9) X Nb) <Z>4 
(30.01-0.06%, =t!9»*L<«0.01~0.05%<bi-5 o tLt^N\ZHbMXNb<DmkV>>£ 

&^Wfil$-£5fcfc % Nb^Sltiiffl]$iJ^^lg;^bTL*5o -^^ffl^^^Ji- 

Sfci^, N^*^Nb^W*<b<^ll0^-eN^(14/92.9)X (Nb-0.01) ^^JPSI-^.^ 
m^hZo i«9$f*UfiN^(14/92.9)x(Nb-0.02) \mWcfZ>o 

[0057] z.fih(o^mz^xmmmwmzWi^xx^^mm^mmxh^\b 



WO 2005/095663 



13 



PCT/JP2005/006288 



&#<DMfoZl)\\Z.^ &gfcf£CT, TCfc,fctfV©l«*fcW:2»*\ Ci\ Nu Mo, Cu 
[0058] -Ti:0.01~0.50% 

aBBtt»3&6^9^«r- fi?ft»Lfe©^Sin«lSrff *53jg«rji5ri*<, 3 

^hOiiilrt>jBVNTL*5o ^Ofcfe, Ti^l:«0.50%^T^-rSi<t^^L<, «fc«3 
&£L< tt0.20%£tT-C*>5. 
[0059] V:0.01~0.50% 

t£ftm%ftirZtM^ V<D^m&OM%£k±kirZ>Z.tj?>m*L\,\ 0.50 
%fcffi*.5£fi©V&£^£ii:'Ct>, 0.50%$rj@xfc^O^±#^jm«/J^<, -t 
<D±, &&axb<DMMhfB^TLti5o Z.<Dtc$>, V<Dmtiam*0.50%UTb1r?>Z.b 
##*L<* £mtL<m.20%UTXhZ o 

[0060] tit. *mwxn, mzMzx, Trnxn/ttntv^m-t^m^im. c, n, 

S, Nb, TifcilW^fr*;;^ ±|E(l)^tt;tTT!e(3)^ ±lS(2)^}C^tTTIE 

IB 

O.Olrg C+(12/14)XN*-(12/92.9)XNb-(12/47.9)XTi*-(12/50.9)XV ^ 
0.06 .-.(3) 
N*^ (14/92.9) X(Nb-0.01) •••(4) 
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tcfdU Si(3)*Jitf(4)(fm^, N*tt, N — (14/47.9) X Ti > 0<Db%* N*=N- 
(14/47.9) XTU N - (14/47.9) XTi^Otf>£§, N*=0£U *fc5$(3)# l-fc^X, Ti* 
14, Ti-(47.9/14)XN-(47.9/32.1)XS>OOi:#, Ti*=Ti-(47.9/14)XN- 
(47.9/32.1) XS, Ti-(47.9/14)XN-(47.9/32.1)XS^OOi£\ Ti* =0t1-£ o 

[0061] Ntt, MifcLfciSlc, Mmxub<Dmk®%if8L-Xte$rM&it%1t$>, Nb<D 

(14/92.9) X(Nb-0.01)MRR-r^^Sfc5 o W^mXteN*^ (14/92.9) X (Nb 
-0.02)[£ffiiM1-5o 

[0062] Ti&iuw, Kltt«t5^ fcrnkVobLxmiZZinft^cmzu 

n^V^»0.01~0.06%t-r5fc*. TOJ:t;/*fc«V%»Lfc^^«, C 
+(12/14) X N*-(12/92.9) X Nb-(12/47.9) X Ti*-(12/50.9) X V<T>fit^0.01~0.06 

%iz.tzz>&?fcirz>&m$h*), «t«90*L<{moi~o.o5%(^s<t9{-1-5o 

[0063] -Cr:0.1~1.0% 

fi£«U {ll3}<110>£3)§ii£-£, W^oMJB*, jftiSnjBW^^Srlft 
*U\ 1.0%Srjg^T#4^Cr^*$*-Ob, ±fBa*#«Sffirt-««tt^ 

*s, *mw<Dmmm%m&m m^^mmtLx^m-r^m^-^. mmz±j& 

[0064] -Ni:0.1~1.0% 
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1 

m<D£f&fcm^yym<n&T&nmi-%^ttfx%z> 0 stem*. mmi±mmz.$> 

3 3 

Mffi&ik*- ^^h^h<Dy^y^h^M^iS:mir^tX\ Ul3}<ll0>£$gii$ 

^^m^^^ff®, ffiffij:nx j r>ym$:fa±t$i£%z.ttfx%z> 0 zbi^ cu^ 

[0065] 1.0%^j@x.5#4ONi<7)^« x ^ffiBEM«#fixmtCi3tt-5#Mii 

3 

ll^ii^BiliL^Ac^^^X^^-^^-rh^+i^^O*®^^^^ 

hhm\\1rZ>Z.kfrb. Niril.0%KTTf^***5©*s»*U\ 
[0066] -Mo:0.1~1.0% 

Mote, #B<^«j££vJ>£<1-5^-C, ^A*Ltt^Ki?)55c^-Cfe<9, #WJEEJ!I 

, {ii3}<no>&3&&*, ^^MJBE®, iitilttym^i^fS^ 
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[0067] -B:0.0005~0.0030% 

aE**fiKt«ri:-C, Ul3KllO>Sr*ai$*, ^rO&wJfrraffiSL 
^*frlRl±S«£i#T?*5. B£0.0005%^±-£;f 

BSrO.0030% WTt?^#*-fr5i «*Ll \ 
[0068] -Cu:0.1~2.0% 

tb^#5^ffi^P(S^llf Cu{cj;§^A^*tfia?p-t-<5-^^, Cute 

[0069] ^f-«B^(Dm^|5S^3aS^tftPJi-5o 

yx&jhto&smtrzbn. 7^Ym<mftmm%&±bi-%z.b* 
[0070] y^\mt. m^^<m^^mt\z^mxm, &itmmzh&ti, 

^Mxh^b^h Amity ^74hm^mb^^t^m-ch^o 

izm-tzzbtf. nmbtt%\mmfr^$^itto<on2ft<D&m&/te<u ? 
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5&m&hZ> 0 £tbfc. 700MPa^±<D3ftg£#5m, ^ry^hffl©g|$|: 
16% U±b-tZ>-tl)W$.^ \ 

[0071] *mw<Dm&<D%mn. ^my^y^bm^x^/^y^hm^^mmti- 

OT, XV&1tL<\t5%&T£LX^xmMfo\ i-%t>1b. 7x.7Jbtt&£V'? 
/^>-^^(Dffi^(D^tf^90%^±ii-^i^W*U,<J;!9$f*L<«95% 

[0072] *mw<Dmwmmimmmmznz>tc.#> ^m^Ltcm^womm , &x 

[0073] *mw<Dmmmi*. ±&LtcmfovMtmm<DM%fiir%m%mzmmm 
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[0093] » 2 







{ft* 


c 


Si 


Mn 


P 


S 


Al 


N 


Nb 




Xft 


N* 




B 


0.02 


0.2 


2.5 


0.02 


0.001 


0.03 


0.002 


0.07 


- 


0.01 


- 


0.009 




C 


0.02 


0.2 


2.5 


0.02 


0.001 


0.03 


0.002 


0.14 


- 


0.00 


- 


0.020 


it&W 


D 


0.06 


0.2 


2.5 


0.02 


0.001 


0.03 


0.002 


0.12 


- 


0.05 


- 


0.017 




H 


0.07 


0.2 


2.5 


0.02 


0.001 


0.03 


0.002 


0.08 


- 


0.06 


- 


0.011 




F 


0.04 


0.2 


2.5 


0.02 


0.001 


0.03 


0.002 


0.25 


- 


0.01 


- 


0.036 


ass* 


G 


0.06 


0.2 


2.5 


0.02 


0.001 


0.03 


0.002 


0.35 


- 


0.02 


- 


0.051 




H 


0.05 


0.2 


2.5 


0.02 


0.001 


0.03 


0.002 


0.05 


- 


0.05 


- 


0.006 


SSftfll 


I 


0.05 


0.2 


2.5 


0.02 


0.001 


0.03 


0.002 


0.04 


- 


0.05 


- 


0.005 


jfidfl 


J 


0.11 


0.2 


2.5 


0.02 


0.001 


0.03 


0.002 


0.30 


- 


0.07 


- 


0.044 




K 


0.04 


0.2 


1.4 


0.02 


0.001 


0.03 


0.002 


0.08 


- 


0.03 


- 


0.011 


ttgfl 


L 


0.04 


0.2 


1.5 


0.02 


0.001 


0.03 


0.002 


0.06 


- 


0.03 


- 


0.011 




M 


0.04 


0.2 


2.0 


0.02 


0.001 


0.03 


0.002 


0.08 


- 


0.03 


- 


0.011 




N 


0.04 


0.2 


3.5 


0.02 


0.001 


0.03 


0.002 


0.08 


- 


0.03 


- 


0.011 




O 


O.04 


0.2 


3.7 


0.02 


0.001 


0.03 


0.002 


0.08 


- 


0.03 


- 


0.011 




P 


0.02 


0.01 


2.5 


0.01 


0.001 


0.03 


0.002 


0.07 


- 


0.01 


- 


0.009 




Q 


0.02 


1.5 


2.5 


0.01 


0.001 


0.03 


0.002 


0.07 




0.01 




0.009 




R 


0.02 


0.2 


2.5 


0.01 


0.001 


0.5 


0.002 


0.07 




0.01 




0.009 




S 


0.02 


0.2 


2.5 


0.01 


0.001 


1.0 


0.002 


0.07 




0.01 




0.009 




T 


0.02 


0.2 


2.5 


0.01 


0.001 


1.5 


0.002 


0.07 




0.01 




0.009 


a&f* 


U 


0.02 


1.5 


2.5 


0.01 


0.001 


1.0 


0.002 


0.07 




0.01 




0.009 


a&n 


V 


0.04 


0.2 


2.5 


0.02 


0.001 


0.03 


0.002 


0.08 


Ti:0.01 


0.03 


0.000 


0.011 


a^tt 


w 


0.04 


0.2 


2.5 


0.02 


0.001 


0.03 


0.002 


0.08 


Ti:0.05 


0.02 


0.000 


0.011 


a&fl 


X 


0.07 


0.2 


2.5 


0.02 


0.001 


0.03 


0.002 


0.08 


Ti:0.18 


0.02 


0.000 


0.011 
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0.04 
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0.001 


0.03 
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V:0.05 
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0.002 


0.011 
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0.02 


0.001 
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0.002 


0.08 


V:0.20 


0.02 


0.002 


0.011 





Tife*t\|AV$»toLTt^t^lt^ Xfi*=C+ (12/14) xN-(12/92.9)xNb 

Tito*^\*V£%imLTl>Z>&£ Xfl = C+(12/14)xN*-(12/92.9)xNb-(12/47.9)xTi'-(12/50.9)xV 
Ytil=(14/92.9) x (Nb-0.01) 

<§L, N — (14/47.9) x"Ti>O0)i:$\ N*=N— (14/47.9) * TU N — (14/47.9) x Ti£QO>t$* N* =0£U 
Ti- (47.9/14) x N-(47.9/32.1)x S>0<D££. Ti* =Ti- (47.9/14) x N— (47.9/32.1 )x S, 
Ti- (47.9/14) x N-(47.9/32.1)x S^Otf)*^ Ti* =0£-T*. 
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0.02 
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Ti : 0.1 0, V: 0.10 


0.01 
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0.011 


M 


AB 


0.04 


0.2 


2.5 


0.02 


0.001 
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Cr:0.1 


0.03 


— 


0.011 




AC 


0.04 


0.2 


2.5 


0.02 


0.001 


0.03 


0.002 


0.08 


Cr:1.0 


0.03 


— 


0.011 




AD 


0.04 


0.2 


2.5 


0.02 


0.001 


0.03 


0.002 
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Ni:0.2 


0.03 


— 


0.011 
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0.04 


0.2 


2.5 
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0.001 
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0.002 


0.08 


Ni: 1.0 
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0.011 
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0.04 


0.2 
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0.001 


0.03 
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0.03 


_ 


0.011 
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0.04 
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0.001 
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Mo: 1.0 


0.03 
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0.011 
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0.04 
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Cu:0.3 
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0.011 




AI 


0.04 


0.2 


2.5 
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0.001 


0.03 


0.002 
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Cu: 2.0 
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0.04 
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2.5 
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0.001 
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- 


0.011 




AK 


0.04 


0.2 
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0.001 


0.03 


0.002 
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B::0.0030 


0.03 


- 


0.011 
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0.04 
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0.011 
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0.011 
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a&n 
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0.04 


0.2 


2.5 


0.02 


0.001 


0.03 


0.002 


0.08 


Ti:0.05, V:0.02, 
Cr:0.2, Ni: 0.2. Mo: 0.1. 
Cu:0.1. B:0.0005 


0.01 


0.000 


0.011 




AR 


0.13 


0.01 


2.0 


0.02 


0.001 


0.03 


0.003 


0.06 


Ti:0.15.V:0.10 


0.08 


0.000 


0.008 


a*fl 


AS 


0.15 


0.1 


2.1 


0.03 


0.002 


0.02 


0.002 


0.03 


Ti:0.24,V:0.10 


0.06 


0.000 


0.003 


a&n 


AT 


0.16 


0.1 


12 


0.01 


0.001 


0.03 


0.001 


0.09 


Ti:0.31 


0.07 


0.000 


0.012 


ttistm 


AX 


0.06 


0.2 


3.9 


O.01 


0.001 


0.03 


0.002 


0.02 


Ti:0.02 


0.05 


0.000 


0.002 


a*fl 


AY 


0.07 


0.01 


M 


0.02 


0.002 


0.05 


0.001 


0.05 


Ti:0.01 


0.06 


0.000 


0.006 




AZ 


0.05 


0.01 


Z3 


0.03 


0.001 


0.04 


0.002 






0.05 




-O.002 




BA 


0.06 


0.01 


1.8 


0.01 


0.001 


0.03 


0.001 


0.01 




0.06 




0.000 


worn 


BB 


0.04 


0.01 


1.5 


0.01 


0.001 


0.02 


0.003 


0.02 


Ti:0.02 


0.04 


0.000 


0.002 


a*** 


BC 


0.08 


0.1 


1.0 


0.01 


0.001 


0.01 


0.002 


0.05 


Ti:0.25 


0.01 


0.000 


0.006 




BD 


0.14 


0.1 


1.8 


0.02 


0.002 


0.02 


0.002 


0.05 


Ti:0.45 


0.02 


0.000 


0.006 


a*ffl 


BE 


0.10 


0.1 


1.9 


0.01 


0.001 


0.03 


0.002 


0.05 


V:0.20 


0.05 


0.000 


0.006 




BF 


0.12 


0.01 


1.8 


0.02 


0.002 


0.04 


0.001 


0.05 


V:0.40 


0.02 


0.000 


0.006 





Ti&*lM*V£SJjDLTl^*£ X<i=C+(12/14)xN-(12/92.9)xNb 

Tifc*lM*V£JS7JDLTl**ii£ Xfll=C+ (12/14) x N * -(12/92.0) X Nb —(1 2/47.9) x Ti * — ( J 2/50.9) x V 
Y*I = (14/92.9) x (Nb-0.01) 

<BL,N- (14/47.9) xTi>O0£3,N'=N-(14/47.9) x Ti, N- (14/47.9) x T\£00)t£* N * =0tU 
TI— (47.9/14) x N-(47.9/32.1) x S>0<7>££ % Ti* =Ti- (47.9/14) x N-(47.9/32.1) X S. 
Ti- (47.9/14) x N-(47.9/32.1) x S£0fl>££. Ti* =Q±+* n 
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(MPa) 
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(W 


E 

(GPa) 


*m 


B 


95 


4 


600 


30 


252 




c 


100 


0 


530 


32 


255 




D 


50 


46 


990 


15 


240 


mwm 


E 


50 


55 


1060 


12 


235 


§G®m 


F 


75 


20 


860 


18 


243 


mmm 


G 


80 


19 


890 


16 


242 


%mm 


H 


70 


26 


750 


21 


240 




I 


70 


25 


750 


22 


235 




J 


30 


68 


1180 


10 


220 


ttmm 


K 


90 


8 


570 


30 


231 




L 


85 


12 


590 


29 


241 




M 


80 


17 


650 


28 


242 




N 


60 


35 


880 


17 


242 


nmm 


O 


50 


50 


890 


16 


235 


xmm 


P 


98 


1 


590 


30 


253 


nmm 


Q 


90 


7 


630 


30 


248 


§mm 


R 


94 


3 


620 


29 


242 


%mm 


S 


94 


3 


630 


29 


241 


»mm 


T 


93 


4 


640 


28 


240 




U 


92 


4 


650 


27 


240 




V 


70 


25 


810 


20 


246 




w 


75 


23 


780 


21 


247 


%mm 


X 


73 


24 


810 


19 


245 


%mm 


Y 


72 


22 


800 


20 


246 


%mm 


2 


68 


28 


890 


15 


243 
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1 A A 
AM 


85 


i 13 


780 


20 


248 




AD 


65 


30 


810 


19 


245 




Ap 
MU 


60 


36 


850 


17 


242 


<8&HB/fit 


A Pi 
AU 


64 


30 


810 


19 


245 


£&RB/BI 

yt, 4n ivy 


AC 
At 


58 


37 


860 


17 


241 




AP 

Mr 


65 


31 


820 


18 


243 






59 


37 


870 


17 


241 


JEftBHiffl 


AU 

Mn 


67 


29 


810 


20 


243 




AT 
Ml 


60 


33 


840 


17 


242 


3t Bri 174 


A 1 


60 


34 


850 


17 


243 




AK 


50 


43 


900 


15 


241 




Al 
Al_ 


63 


34 


820 


18 


242 


& HB -0511 


AM 
AM 


61 


34 


820 


18 


241 


«SHBfiJl 


A M 
AIM 


59 


37 


860 


17 


242 


a&BB^i 


AO 


57 


38 


870 


16 


240 




a n 
AP 


82 


15 


760 


22 


248 


ft WW 


A 

AQ 


84 


13 


800 


20 


247 




A r— i 
AR 


70 


25 


900 


15 


235 




A O 

AS 


68 


30 


950 


13 


226 




A T 

AT 


45 


55 


920 


14 


213 




AX 


60 


35 


850 
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[0097] iicft, fcmtVo-emfeZtift^c&ixm ^o.oo%t^<, y^y^m&ioo 

fi, Xjit^0.07%t^<^(9 % ■Y^ms*%W<DM ^Hct«9/J^<^o/c 0 S?®K 
£<&ofc 0 mUAZ\t, Nb£^r£f\ *fcMBA{4Nb*^o.01%i/>^V^fe, 

[0098] ^PJ^ioT, §l§gM^590MPaJ^±i:il55^-e, -\r>-;/W225GPa^±<biSi 
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[1] C:0.02~0.15%, Si:1.5%^T\ Mn: 1.5-4.0%, P:0.05%£JtT* S : 

0.01%^T, A1:1.5%#T\ N:0.01%^T*5j;tWb:0.02~0.40%^^rL, ri>o 

Mo 

IE 

0.01 ^ C+(l2/l4) XN-(l2/92.9)XNb ^ 0.06 •••(!) 
N ^ (l4/92.9)x(Nb-0.0l) -.-(2) 

[2] m#mi\zmm<Dmmmm8mmmiz&^x, ±ffiMidntt, s&km 

%X , Ti:0.0l~0.50%*3«tOT:0.0l~0.50%©5*>*^S^lffi*fctt2fflS^r 
#U a»oKrfe(i)5£l::ft;fcTTfB(3)5^ lfflE(2)S;^f^x.-CTIE(4)^;^^-rgi^^ 

IE 

0.01^ C+(l2/14)XN*-(l2/92.9)XNb-(l2/47.9)XTi*-(l2/50.9)XV ^ 
0.06 • • • (3) 

N*^ (l4/92.9)X(Nb-0.0l) .-.(4) 

fcfcU SX3)*5it«4)f K&WC, N*J3\ N-(l4/47.9)XTi>0<D£# , N*=N- 
(14/47.9)XTi, N-(14/47.9)XTi=gO<Z>£# % N*=OiU *fc5tf3)*fc*SVvt\ Ti* 
tt, Ti-(47.9/14)XN-(47.9/32.l)XS>OOi# % Ti*=Ti-(47.9/l4)XN- 
(47.9/32.l)XS, Ti-(47.9/14)XN-(47.9/32.1)XS^O<0£t, Ti*=0£f5 o 

[3] m#mi*tcmKmm<DmmM&8mmmz.&^x, ±fmj&\zM*.x* &b 

\Z.$t&%Xs Cr:0.1~1.0% % Ni:0.1~1.0%, Mo:0.1~1.0%, Cu:0.1~2.0%*dJ; 
[4] Mr%-C, C:0.02~0.15°/ o> Si:1.5%&T* Mn:1.5~4.0%, P:0.05%^Tx S : 
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0.01% «T> A1:1.5%OT, N:0.01%&T:fe±tMb:0.02M).40%&£#U 

fe{Cf±±BEM^Ar 3 ~900 < CT^TbfcO^,, 650 < C^TT*#©«9, gH%& 50%^ 
780~900rom^(C#MLT^Lfc^, 500t:*-C(D^£Pji^^5 < t:/sW±Oji 

IB 

0.01 ^ C+ (12/14) XN- (12/92.9) XNb ^ 0.06 •••(!) 
N ^ (14/92.9) X(Nb-O.Ol) • • • (2) 

[5] »*^4tCfB*Offl*«-^, ±m®.miZ.tiax.X, £t>\zm&%X* % Ti: 0.01-0.50 
%&£W:0M~0.50%<DohfabMAs1£imti1tn2ntr£GU ^oMse(i)5£ 

tcftx.TTte(3K, Mfe(2K(cftxTTte(4)^(r7jti-H^^^-rr^«m 

IS 

0.01^ C + (12/14)XN*-(12/92.9)XNb-(12/47.9)XTi*-(12/50.9)XV ^ 
0.06 ...(3) 
N*^ (14/92.9) X(Nb- 0.01) • • • (4) 

fcfcU ^3)*3±t^(4)*|i:*5V^, N'fi, N-(14/47.9)XTi>OCD£t, N*=N- 
(14/47.9) XTi, N-(14/47.9)XTi^O©££\ N*=0tU *fc5£(3)f fc*5V vf, Ti* 

Ti-(47.9/14)XN-(47.9/32.1)XS>0(D^# > Ti*=Ti-(47.9/14)XN- 
(47.9/32.1) XS % Ti-(47.9/14)XN-(47.9/32.1)XS^O<D<b3\ Ti=0ti~^ o 
[6] tt^^^ttSfcfBffc©*!**^ ±fB»|*lCjP^.r, ^Cfi%f, Cr:0.1 
~1.0%, Ni:0.1~1.0%, Mo:0.1~1.0%, Cu:0.1~2.0%:i3 c fcU<B:0.0005~0.0030 
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FIG. 3 
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